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CYBERHETIC  MACHINES 

By 

Yu.  Bazilevskiy 


Il 

I 


FIRST  LINE  OF  TEXT 


CYBEBNETljC  MACHTiraa 


- -  -Xtu-Bazil]«Tskiy. 

FIRST  LINE  OF  TITLE  | 


Durixi^  the  buildixig  of  the  oooBainietl  society,  the  enoxaunis  progress  of  seieoeJ 

;  i 

end  teehaology  with  respect  to  inereesed  ilndustry  end  eeonoay  hes  been  one  of  the  I 
objeetlre  lews  of  the  derelppeent  of  the  jproduetire  forces  of  the  country.  Seienti'fle 

I  I 

end  technologieei  eohleTSBents  here  not  ojnly  mede  it  possible  to  use  aeteriel  end  | 

I  power  resources  more  eos^li  tely  end  effeejtiTely,  but  here  elso  leid  the  groundwork  | 

I  for  the  qualitetire  increeses  in  produetiirity,  the  use  of  new  aeteriels,  end  techno* 

I  1 

I  logieel  methods.  I  | 

I  Cybernetics,  the  science  of  effeetiVe  control  of  proeesses  end  objects,  is  en  i 

i  '  I 

I  iiQortent  feetor  in  the  eccelereted  scienitifie-teehnieel  progress  in  ell  fields  of  j 

I  knowledge  end  production.  <  | 

!  i  I 

The  proposed  progrem  of  the  Consstnisjt  Perty  of  the  Soriet  Union  prorides  for  ' 

'  '  I 

I  wide  epplicetion  of  cybernetics,  electronic  coig>uters,  and  control  derioes  in  | 

j  I  I 

I  proditoiion,  selentiflc-rMMreh  Qperatioitf,  0truetural  englMorintf,  systtmatie  ' 

I  !  ' 

I  eoaputation,  and  in  the  fields  of  eoeount|ing,  statistics,  and  adiainistretion.  | 

I  Electronic  computers  and  control  deAoes  cosQ>ri8e  the  most  isqportent  and  the  I 


I  best  dereloped  class  of  cybernetic  ffiachiniss  in  widespread  use.  During  the  first 


l^eesdeBof  intensire  scientific  work,  bundkeds  of  attempts  wmtc  nmde  to  creath-the- 


- 2  '  2 - 

'most  diTcrse  typos  of  electronic  coig>utexls,  and  (luite  reried  methods  were  used  in 

I - I  I  ]  — -j 

I  tte  o^trueUqn  of  circlets,  asmcry^der^M^  *^  .*^^^JL**  J 

STOP  HERE  '  "  STOP  HERE 


i-MiAijMW-ins -labor  in  doTOlopiog  ii)diTldtui|l  ■aehlae*  whleh  wore  not  uaod  waa 

j  Fmr  LINE  on-EXT  j 

I  unjti^tiflably  liberal.  There  were  many  eueh  Instanees  in  onr  oouatzy. 

I  I  The  randonnese  in  the  seleeted  teehaioal  eolutions,  logic,  and  eoMnand  eyateail 
I  for  the  eoBtputers  can  be  e:q>laln6d  by  thi  inauffieient  aoientifie  baekgroand  ia 
I  seeking  rational  design  solutions.  The  unjustified  Tariety  of  teehnieal  solutions 

I 

I  and  external  languages  (enmasnd  systems)  Ihas  hindered  production  and,  what  is  nore 
I  important,  the  teehnieal  and  natheskatiaalj  use  of  the  naohines,  and  the  training  of 

I  the  personnel.  j  ] 

I  This  disadTantage^i^''fiS}e^pwticula]jly  intolerable  when  the  field  of  the  applij- 

I  cation  of  mathenatie  and  control  machined  expands.  | 

1  ’  ! 

Already  considerable  experience  has  jbeen  gained  in  scientific  and  design 

I  I 

I  operations,  in  the  production  and  use  of  .electronic  conq;>uters,  and  a  nunber  of  ia-  | 

I  '  I 

,  portant  Inrestigations  hsTS  been  eonducteid  in  the  fields  of  logics  and  the  theoreti- 

I  I 

I  cal  bases  of  cybernetics.  Now  is  the  tio^e  to  re-eraluate  the  methods  and  praeticeij 

I  I  I 

I  of  the  engineering  of  such  derioes,  and  ijntroduce  them  into  the  ti tally  important 

1  I  ' 

fields  of  human  aetiTily.  '  i 


I  P>f  WtMm  I 

I  '  I 

I  The  basic  problems  of  cybernetics  axje  solTcd  on  machines  which  slanlate  the  | 

^  mathematical  structure  of  the  process  andl  the  control  methods.  Periodic  mass  I 

^  '  J 

I  reproduction  of  the  algorithm  in  the  aaeUne  imJces  it  possible  to  process  the  streiM 
'  of  ii4>ut  information  and  produce  the  resvjltant  (output),  used  for  purposes  of  | 

I  studying,  projectixtg,  or  controlling  rhe  Iprooess.  | 

!  1  ' 

I  Cybernetic  mehines  ineludei  logical  autosiatie  machines  and  discrete  operati<^ 

I  circui’tst  dsTices  and  systems  for  the  aee|Uaulation,  distribution,  and  conTs^sioa  oi 


j  infonytion  structure  (code){  eos^uters,  |analyzers,  and  diserete-operatiom  ychiae^i 
|nBnd~dii^ces  and  systems  (discrete  or  eontjixuious  action)  whose  logieal  strus1^a~sr'{ 


I  functi^oning  reflects  the  given  process  ox|  control  algorithou 

?TOP  HERf 
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STOP  HERE 


with  prograa  octroi  bar*  baea  widaly  daralopad  and  put^ 

I  I 

int^  oparatlcou  Let  ua  brlafly  traaa  thij  baale  daTalopaaat  of  tlM  logia  af  tlMaa 


iiii 


naa,  and  tha  aaaoeiatad  aelaatifle 


problama. 


I  Maehlnaa  with  progran  eontrol  aoa^rilaa  a  saparata  elaaa  of  Ibgloal  autcanatla 

I  maabinaa  aa  a  raault  of  tha  iaproT«gMnta  tin  tha  iadlTidual  eiroutta  and  deTioaa 

i  J  I 

I  daaignad  to  fulfill  ladirldual  forma  of  tha  aathaaatleal  fuaotlons.  Thla  daralap-  | 

I  fflent  haa  oooa  about  as  followat  by  eonaijdarably  iaeraaalng  tha  nuidbar  of  alanaata  I 

I  I  ' 

I  and  tha  auabar  of  P^^b^a^atar^  atet^a  of  tha  elre^t;  ^y  Isolating  tha  maaory  | 

i  ,  FIRST  LINE  OF  TITLE  |  1 

J  elements  and  arrangiiog  them  using  address^  systems;  by  eonplloatlng  tha  funotiana 

I  ganerallzlxig  the  le,gle  end  arlthmetio  ope'ratlonsi  by  separating  tha  oireuits  which  | 

I  *  I 

eontrol  the  input  and  output  of  Informati^on  and  rarert  to  tha  memory  calls  and 

'  i 

I  operational  regimes;  by  formulating  a  apejeial  language  for  tha  machine  (command  | 

{  syatasO  and  Introducing  Into  it  control  linformatlon  (program  In  the  language  of  thi 

1  *  ' 

{machine)  for  each  problem}  by  means  of  aujtomatle  adaptability  of  tha  machine  for  | 

I  •  I 

I  processing  tha  eontrol  Information  (progriam)  when  solTing  tho  problem  and  reducing 

!  !  ' 

I  this  Information  to  a  new  processing  eyel'e;  by  using  control  programs  of  the  Tarloija 

I  logical  leralai  by  introducing  tha  problajn  In  conventional  reduced  form,  and  formulla* 

I  ^  I 

ting  tha  operational  program  In  tha  machipe  itself.  1 

'  I  1 

I  CoBtputars  with  program  control  bava  jbecome  a  unlTarsal  medium  for  realizing  t>|a 


'  algorltbms  of  the  most  dlTarsa  problama  and  objects.  I 

i  '  I 

I  Tha  unusxial  flexibility  of  programming,  raprogrammlng,  and  program  conTerslon  ^ 
I  in  the  smehine,  and  the  posalbllitles  of  jfurther  essential  improremant  in  the  logid 
I  causa  the  general  purpose  digital  computers  with  procpram  control  to  be  stable  pros«j 

I  I  I 

pactiva  cybarnatie  daTloas,  designed  for  jbroed,  regular,  introduction  Into  all  j 


Ibranehsa  of  aclanca,  technology,  and  tha  jcconoigr. 


1 


Tpe  experiments  and  tha  flrat  rasul'^p  of  using  general  purpose  digital  nom«» 

J 


putars'^  for  solving  scientific  problmoa  Inj  aystaiaatizatlon,  delivery,  and  traiisp'orW- 


hr. 


tion,  ^va  shown  that  tha  Information  aajability  and  tha  output  of  these  aac^nas 
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eouBiddrably.  |  | 

;  1  I 

I  InertMlng  th«  nuiory  eepaeity  to  tena  of  millioiis  of  digits,  in  eonjuxiotlon  { 
witji  the  reiulremeni  of  aininuB  reeord,  leareh,  asd  access  times  will  require  the  j 
eoastruction  of  a  multi-stage  memory  system  with  specialized  lafomatios  szehangs  | 

metheds.  I 

I  i 

One  of  the  lBg>ortaJit  theoretical  probleme  is  to  create  a  multi-stage  memory  | 

I 

system  with  a  logic  for  the  interaction  qf  streams  of  information  between  its  units 


I  which  would  assure  mLuljDina .expenditure  time  jrith  AUffieijtntly  full  utilization  I 

I  FIRST  Litie  OF  ririE  I  ] 

I  of  the  entire  capacity  of  the  memory  syst^em.  | 

I  Study  should  be  made  of  the  possibil'ities  for  program  and  cii-cuit  change  I 

1  I  I 

I  of  the  memory  access  regimes  relative  to  Ithe  specifics  of  the  Tsrious  problems  to  be 

I 

I  solved.  I  I 

I  I 

I  It  is  possible  to  introduce  an  Intexjnal  language,  mierocontrol,  and  recursiTS  | 

I  regimes  for  control  of  the  memory  units.  |  In  this  ease,  indiTidusl  circuits  srs  I 
I  dSTSloped  for  the  streams  of  information  |far  specific  problems.  < 

I 

I  Study  of  the  possibility  of  automatic  classification  of  input  information,  aad| 

I  'coloring*  its  various  forms  with  attribuites  has  created  grounds  for  designing  I 

I  '  I 

I  associative  memory  systems  which  sre  distinguished  by  rational  spacing  of  the  ' 

I  I  i 

I  information  and  a  considerable  decrease  in  its  access  time.  In  such  systems,  tbs  | 

I  recording  snd  access  of  infoxnation  is  aojeong>lishsd  not  by  means  of  fixed  asmory  ^ 

I  cell  addresses,  but  due  to  the  operativelly  variable  attributes  of  the  information  | 

1  '  I 

I  groups.  ' 

!  The  requirsMnt  of  shsrply  increasii^  the  maehine  output  has  stenm^  from  the  i 

I  J 

I  general  tendency  toward  increasing  the  sobunt  of  caleulatioms  whan  solving  largo-  I 

- 5  ■  5 - 1 

I  seals  problems.  I  , 

I - 4  I  4  1 

I _ .1^  mathematical  aspect  of  this  prObjlaa  includes  the  treatment  of  problems— — j 

Idealixi^  with  the  logical  structure  of  thej  machine,  with  the  numerical  soluti^on  I 

1 - 1  ,  1 - 1 

I  method^,  and  with  optimum  programming.  Lat  us  cite  several  of  the  researoh  ^  ^ 

SToF  H&RF  TtOP  'hEK 
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|4ixcie-tl«Da-l««diag  to  this  goals  saokiogi 

f,RST  LINE  or  TEXT 


■n 


asd  atudyixig  new  syataaia  for  ealeulatlBg  I 
and  jrationally  coding  the  digits,  making  ^t  posaibla  to  dariae  tiaa-aaring  olreuitsj 
for  jealeulation  operations  (e«g.,  a  systajD  for  calculation  in  residual  claaaas,  ate|i)l 
construction  and  study  of  tha  logics  of  mLlti-ragiatar  arittametie  and  elementary  fakc« 


' tion  generators;  the  packaging  of  informal 


jtion  and  tha  aecaleratad  conTersions  of 


I  words  (digits)  with  Tariable  length;  the  jise  of  reduced  tables  of  special  functlonsj; 
I  the  setting  up  of  an  optimal  program  for  jiolTing  a  problam,  making  bast  usa  of  tha  | 


bins  equipment  and  perf(^idngjrarlous_idperations^  sioulJUMq^  (in  parallel).  I 

I  FIRST  LINE  OF  TITLE  I  j 

I  One  of  the  most  important  theoretics^  aspects  for  increasing  the  machina  output 

I  is  to  increase  the  structural  raliability^ and  to  cut  down  the  time  lost  to  functionkl 

1  •  I 

control  and  diagnosis  of  defacta.  The  de^gn  of  intarferanca>fraa  and  reliable  | 

I  I  ' 

icircuits  using  not-too-reliable  elements; | the  usa  of  majority  and  self •correcting  I 
jlogic  systems  for  eonverting  and  storing  information;  the  design  of  circuits  which  | 
lean  be  subjected  to  rapid  functional  control  and  localization  of  the  defectiTc  portion; 

I  .1  1 

jars  all  problems  which  should  attract  the  j  continued  attention  of  rasearchars  asd  | 
jdasigners.  |  | 

I  The  problems  of  structural  reliability  includst  deralopment  of  algoritbms,  I 

I  '  I 

jnumerical  methods,  and  programs  which  are | interf arencS'proof  against  indifidual  ' 
jcrrors  (disturbances,  breakdowns  in  tha  m^hine  apparatus).  Sxample  of  intarfarena|i» 
^proofing  siethods  arat  iteration  swthodsi  probability  methods  (Monte-Carlo),  and  I 

i  '  I 

jprograms  with  special  cyelas  for  direct  or  indirect  control  of  tha  calculation  i 


Ircsulta.  , 

I 

la  the  amount  of  infosmation  and  the  ^  number  of  operationa  necessary  to  soItc 

i  i 

a  cycle  of  problems  hsTc  increased,  computational  control  has  become  store  eoaplez. 


I 


jthe  working  progr 


b.,.  b«,0-  theUMbd. 


jiftivm  b^n  reckoned*  Under  these  conditions,  there  must  be  further  iaproTeaMa|_ia. _ | 

jthi~ei>htrol  logic  of  the  machines,  and  aujosiatie  derelopsMnt  of  optimal  fra0knti^~l 


Isubroutines. 


STOP  ITEPF 


STOP  HERE 


-5- 


T 

] - 

•  rinf** 


FlRST7flll^c$«)<P^op<Mat  of  indoz-rogiotors  JLid  iadox-arithnetie,  as  wall  aa  tba  aathoi^ 

;  .1  I 

of  ijailtlstaga  eonstructloB  of  aubroatlaes,  has  led  to  tha  laethed  of  control  words  I 


^  fon[^  in  tha  naohliie  on  tha  basis  of  anajlysis  of  tha  pr<^rtias  of  tha  l^put  | 

I  Information,  tha  eharaetaristies  of  tha  ijataraadiata  oomi^tation  rasults,  and  tha  j 
I  paramstars  of  the  initial  algorithnu  Tha^  control  word  baoomes  a  tamporal  logic 

I  ' 

I  function  of  the  currant  states  of  the  program,  tha  input  information,  and  tha  intaxl* 

I  J  > 

|Wdiata  information.  Corresponding  reprogramming  of  tha  logic  of  the  control  dcTiojas 

I  for  working  with  control— words- makes  -i-t-plossibls- to -obtain -thn  structura  of  maehlnJs 

j  FIRST  LINE  OF  TITLE  [  j 

I  Which  arc  quite  capable  of  Tarsatila  proe)assiag  of  complex  eombinad  flow  of  infosauj* 

1  I  I 

'  tl  on.  I 

j  ^  I  I 

I  Tha  second  of  tha  aboTa-mantioned  poissibilitias  consists  in  tha  operational  | 
j  automatic  formation,  at  warious  stages  ofj  algaritbm  satisfaction  bjr  tha  machine,  of| 

i 

{commutations  in  the  circuits  of  its  unitSj  (a.g.,  according  to  tha  principles  of  { 
|mlerocontrol)  which  will  permit  acco^plis’^nt  of  effactiTe  special  operations  | 

Icharaotaristic  (often  ancountorad)  in  thiis  i>art  of  the  problem.  { 

1  '  I 

I  Persistant  theoretical  study  along  tjhasa  lines  will  aid  in  tha  creation  of  naw| 

^  types  of  general  purpose  digital  computarls  with  extremely  high  output,  millions  of  ^ 

I  I  I 

I  operations  per  second.  |  I 

Another  important  theoretical  problain,  used  as  tha  basis  for  tha  creation  of  | 
jnaw  promising  types  of  cybametic  eontrol|  machines,  is  tha  automatic  discaralBent  | 

'of  tbs  structural  properties  of  tha  infarmation,  and  formation  of  concepts  and  opii|ions 

'  '  1 

jin  the  machines.  . 

‘  I 

In  raeant  years,  these  problems  haTaj  bean  worked  on  in  many  research  canters.  | 

I 

The  swst  pressing  problems  are  discernment,  automatic  percaption,  and.corraatiQn 


I 

^of  noi^a-distortad  speech,  printed  text,  radar  and  other  information.  Tha  fpimatic^ 
hof~conbapts  and  opinions  in  machines  is  closely  associated  with  tha  proeassai'~of~ — | 


'adaptation  to  tha  medium,  and  tha  instruolkion  of  cybernetic  machixies.  In  this 

I — - 1  I  1 


JLk^is_sxtraiMly:  ljq>ortant__to  ijr^tiss'l*  ii><Llo^e^_struotur|^  of  Jbiiologiefl 

STOP  HERE  ’  STOP  HERE 


i 


th«m  W«  know  -ofl  an  axparlaant  in  tha  slaulation.  of  a  eoa-l 

!  ;  I  I 

jplek  aystem  of  plaatio  neurons  using  general  purpose  digital  cosqputers.  These  oom-| 

j  putijrs  also  make  it  possible  to  oonduot  aj  vast  program  in  the  siJBulation  of  pereep-| 

I  irons »  systems  for  the  statlstieal  analysjia  and  diseemment  of  the  struetural  j 

j  properties  of  information.  I  | 

I  The  creation  of  optimal  lnstructahle|  ey^emetie  maohines  is  assured  hy  the  | 

I  large-soale  logic  and  mathematieal  inrestligations  being  carried  out.  There  oust  he| 

I  systematic  derelopment-of-  the— theoretlcalj  problems,  .in  the„ganeral  theory  of  automatiio 
1  F/RST  LINE  OF  TITLE  j  | 

j machines,  logical  nets,  tesqporal  logical  jfunctions,  and  the  theory  of  programming,  j 

I  I  I 

'  ▲  serious  increase  in  the  lerel  of  theoretical  works  is  an  essential  condition 

I  r  I 

I  for  the  accelerated  deTelopment  and  operation  of  cybernetic  machines.  i 


Aasuriag  the  Leading  PsTelotwent  of  Technology  j 

I  I 

Cybernetic  machines  are  based  on  modlern  conputer  technology.  The  specific  | 

i  1 

technical  problems  for  the  next  and  subsejiuent  stages  in  the  derelopment  of  control' 


I  systems  are  to  increase  the  speed  and  reliability  of  the  ooag>onents  of  the  cybarneljie 
I  machines,  and  to  reduce  the  size  and  the  'cost.  | 

I  As  is  known,  logical  circuits  can  ec^ist  of  the  most  direrse  physical  systeaml 

^  ‘  '  I 

I  and  elemental  lerer  mechanisms;  pneumatip  doTices;  eloetromechanical  relays;  | 

'  Taeuum>tube,  thyratron,  and  semieonduotoJ  alectronic  circuits;  light-optical  | 

'  !  I 

I  conTcrters,  and  many  other  elements.  I 

Present  cougtuter  technology  coinbinep  three  generations  of  machines,  with  rathir 
raried  technical  backgrounds.  The  first  'generation  consists  of  electronic  machinei, 
-whcse-ibasie  element  is  the  yacuum  tube,  ^his  includes  the  majority  of  the  %eyaral- 


1  thousf^  maohines  of  the  past  decade  vhidh  are  presently  in  use  in  rarious  I 

- 3  1  3 - 1 

I  countries.  The  second  generation  eoDSist|s  of  machines  using  samieonduotor  cjlrcuitij. 

hTheselara  more  compact  and  economioal  deuces  which  are  gradually  replacing  iMw- 
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The  third  generatlouj  eonalsts  of  the  luiehiiiee  of  the  future, 

I  ueli^e  niorondsleture  elementa  and  utilizijng  the  teohnology  of  the  phjralea  of  thia  | 

I  fUjjs  and  xxew  phgrsleal  prinoiples.  Imteajee  study  along  these  lines  is  being  done  i|m 
I  laany  countries.  |  j 

I  Experiments  in  the  derelopment  of  eljeetronio  eoiqputers  with  complex  logic  and  {a 

'  i  1 

I  great  amount  of  apparatus  hare  lad  to  th^  generally-accepted  principle  of  construcljing 

I  rariouB  structures  of  standard  unified  ailoroeoaoponents  (elanents,  nodules)  which  | 

I  perform  elementary  logical  and  memory  functiona.  Tor  aass-produeed  conputers  ind  | 

I  FIRST  UNF  OF  TITLE  | 

I  control  Biaohines  for  rarious  purposes,  all  the  technical  and  functional  eaig>oaeats  | 

I  should  be  unified  and  continually  prcdueei.  I 

!  J  i 

I  Particular  attention  should  be  deroted  to  the  problem  of  the  technical  rclia- < 

I 

I  bility  of  computers  end  control  aaobines.i  for  these  types  of  dewiees  the  problem  I 

I  :  1 

I  of  reliability  is  increased  for  two  reasdnst  the  applied  discrete  logic  stakes  them 

i 

I  Tery  sensitive  to  distortion  of  inforiaatilon  and  particularly,  control  sigitals;  I 
I  errors  in  individual  signals  often  resull^  in  great  distortion  of  the  entire  trend  of 

I  J  ' 

I  the  solution  to  the  problem,  and  to  the  formation  in  incorrect  output  information*  I 

I  I  ' 

I  On  the  other  hand,  the  great  many  element's  which  compose  the  complex  system  make  | 

I  ’  I 

1  it  very  difficult  to  check  and  correct  the  action  of  the  machine. 

I'  1  1 

I  Scientific,  design,  and  technologies^  organizations  and  factories  must  carry  out 

t  .  1 

a  great  many  operations  and  investigatioitt  to  assure  high  technical  reliability  of  ^ 

I  I 

I  electronic  cosputers  and  control  machine^  i 

'  ! 

Machines  of  the  third  generation  conrise  the  main  direction  in  the  developmexit 

r  ! 

I  of  the  technology  of  oosiputcrs  end  control  machines.  At  present,  various  countrie^ 

I  have  under  development  more  than  ten  varilous  technical  types  of  microminiaturization 


.5 


I  of  aischine  elements  and  cosiponents.  Z.et  ius  mention  several  of  themi  high-density , 

j - ,  I  4 - 1 

f-mounti^  (smoromodules,  welded  mountings)|;  the  method  of  sdoromodules  (the  i^SA - ^ 

IHderoB^ules,  mioroeleotroniopoint  mounting,  ceramic-base  sderooirouits) ;  ii^lpilH 

f — - — 1  I  1 - 1  _ 

iciroxU^s  (solid-state  circuits,  molecular  electronice)  {  cryogenic  oireuite  (^ryotr(^;. 

-8- 
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I  '  ' 

from  spaelalizad  ocopanie*  giva  tha  following  pradietlona  as  I 

I  to  ^he  dsTelopment  of  mieroBilnlatura  radio-alsetronie  apparatus  produotiont  By  | 

I  more  than  ten  times  as  much  will  spent  on  aioroaiaidaturized  radio»eleetroi|ie 

I  apparatus  than  was  spent  last  year;  by  198#  mare  than  85X  of  all  radio  apparatuses  |. 


>  produced  will  be  microminiaturized.  It  been  found,  from  a  comparison  of  Tariovis 

'  I 

I  factors,  that  the  module  methods  of  producing  radio»eleetronic  apparatuses  are  but  | 

I  a  teiig>orary  solution  to  the  problem  of  mi!ero-minlaturization.  | 

i  I 

I  By  1970,  the  predominant  jp^hod  willj  be  tl^,  of_tMS_ft.lms,  and  hy  1970-1975  I 

I  FIRST  LINE  OF  TITLE  i  j 

I  it  will  be  replaced  by  molectronlcs  and  sjolid-state  circuits.  Cryogexiies  is  I 

I  particularly  lBg>ortant  in  the  fields  of  e|oaqputers  axid  cybernetic  siachines.  I 

1  L  I 

I  The  particular  isqportanca  of  the  miclroolalaturization  of  cybernetic  siachines  j 
I  stems  from  the  following  two  concepts.  J  I 

I  first,  the  concentration  of  logical  circuits  in  small  Tolumes  creates  radicall|y 
I  new  conditions  for  the  construction  of  hilghly  complex  cybernetic  machines,  approKi4 

i  I  I 

I  mating  the  hiiman  brain  in  information  abijlity  and  adaptability.  Second,  the  msthodj 
I  of  microminiaturization  (in  particular,  Jolectronies  and  solid-state  circuits)  Biti| 

I  the  principle  solution  to  the  problem  of  Ireliability  in  eybemetlc  machines.  I 

I  '  I 

The  cooqplex  deyelopment  of  scientifijs-technical  problesui  and  the  design  of  a  ' 

I  I  1 

j  family  of  oooqputers  and  control  machines  pf  tha  third  generaticm,  and  also  their  | 

I  I  I 

'mass-production,  is  an  important  national'  ecoBOode  problem.  It  should  be  prorided  ' 

'  1  I 

I  for  in  the  projected  state  plan.  !  I 


I  1 

I  Cybernetic  siachines  are  aelf-adaptabie,  i.e. ,  they  can  be  used  with  great  sue Jess 

. - 5  r  5 - 1 

j  to  rapidly  and  effectively  create  new  simjilar  siodels.  4 - 1 

,  I 

I"  Tlbe  famous  mathematician  J.  von  Neumann  proposed  the  structure  for  automatically 

I- - —2  '  2 - { 

: reproducing  logical  automatic  machines,  iwe.,  machines  which  would  produce  copies  J 


I  of.  thetiiselT.es.  Le.t  jus  examine  the  procesti  of  the._oreati.on-0^  a^new-modal  jQf )  a. 
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I  '  I 

j  I  The  iBitial  material  for  ita  dasiga  jia  the  reaulta  of  analysia  of  a  group  of 
I  typjoal  problems  to  be  solyed.  CcDparati|ye  analysis  of  the  possible  nuaerloal  mattods 
I  of  the  solutions,  experimental  programmlxjg,  and  "plying*  on  general  purpose  digital 
j  e(nq;>uters  makes  it  possible  to  obtain  ste|tistical  eyaluations  for  the  i>arameters 
I  which  eharaeterize  the  nuad)er  of  ealeulaljions  requiring  operatiTe,  periodic,  and 
I  long-term  memory,  time  delays  for  the  prc^lem-aolution  cycle,  and  the  density  of  tJe 

‘  I  1 

I  standard  logical  and  arithmetic  operatioiy.  ^These_dj|ta_  v e_the  basis  for  preliminsjxy 
I  FIRST  LINE  OF  TITLE  |  I 

j  selection  of  the  structure  and  operatioxiajl  principles  of  the  new  machine.  ^ 

I  The  second  stage,  refining  the  macrciatrueture  and  command  systems  of  the  ! 

I  I  I 

projected  machine,  which  is  presently  donje  by  solely  on  the  basis  of  design  > 

i 

I  experience,  can  also  be  automated  by  simulating  sereral  of  the  structural  rariants  I 

I  1  i 

I  of  the  new  machine  on  general  pxirpose  distal  computers.  I 

I  The  third  stage  in  dereloping  meehlnie  logic  consists  in  ociq>iling  a  functional] 

i  I  I 

I  circuit  (microstrueture)  from  the  giren  ^ementary  circuits  (cells,  modules),  and  | 

Irerifyiag  the  Talidity  of  the  obtained  eQlq>lex  system  containing  thousands  and  tensj  of 
I  thousands  of  elements.  I  | 

j  Simultaneously  with  the  future  deTelppraent  of  the  theory  of  logical  functions j 

'  -I  I 

j  nets,  and  methods  for  miniBiziBg  them,  tl^re  must  be  derelopBsnt  of  methods  and  inljro- 
^  duction  of  program  minimizati«i  with  use  'for  digital  computer  calculations.  I 

'  '  I 

I  Let  us  turn  our  attention  to  the  nsejd  for  accelerating  careful  tests  of  the  | 

'  1 

I  machine  elements  and  components.  The  quite  complex  logical  functions  and  the  I 

- - -  -  1 

lit  extremely  complex  and  difficult  to  carlry  out  functional  Terifieation  and  find  | 


I  defects. 

I - 4 


i 


--.TJwre  is  need  for  a  basic  re-examinsjtion  of  the  methods  for  creating  eqm)utan| 
lM~ec&trol  machines,  increasing  the  engi|ne.>ring  deyelopment  methods  to  a  n^  I 


I  qxialiljative  leTSl,  and  setting  up  this  brjanch  of  technology  on  a  presant-diqr  seientific 
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I  :  i 


Caiq)ut«r  C«nt«r  of  tlie  Acedwogr  of  SelonoM 
of  the  UBSB.  Here,  l^.gh-Bpeed  eleetronio 
eoiqtutere  are  solrio^  ocaplex  eiSLuatioos. 

They  are  perfoxain^  oiperatons  required  by 
aolentlsta  in  the  aoelt  direrse  braoohas  of 
aelenoe*  In  the  photjographt  SeBler  Con^uter 
logineer  Z,  Tadora  and  Junior  Reaeareh  Yorker 

computer. 


X.  Chlatora  operate  a 
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f  i.ii’it  ( >r  M.  M 


All  units  of  tho  Xx-MMOebu^  I^droolootrie 
Stntlon  nr*  roady  two  yonrs  nboad  of  tin*. 

In  tbo  plwtogrnpht  Main  control  board  of  the 
bydroalectrlc  station*  At  tbs  left  •  shift 
superrisor,  loginsar  P.  Tansl'yanoTa* 


(I 
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tmuDdttlAoa^TBXA.  dlreet  result  of  suok  matj 

i 

■hca|p  ourtallnent  of  the  tine  required  td 
essential  ia^rorement  in  their  teehnieal 
Is  a  result  of  the  aoeoiQ>li8hBeiit 

eleotronie  eogqputer  teehaologsr  and  eyberilt 

1 

the  effioieney  of  the  control  of  the  nati| 
produotlTe  forces. 

FIRST  LINE  OF  TITLE 


I 

ures  in  the  near  future  should  be  the  j 
create  new  models  of  machines,  and  an  | 
eoonoaio  and  operational  eharaoteristics. 
a  prospeotire  plan  for  the  derelopment  6l[ 
etics,  there  will  be  a  great  inorease  in 
onal  esonoagr,  and  an  inorease  in  the 


-3 

-2 


'■TOR  HFph 


t'Z. 


-15- 


5- 
4- 
3- 
2- 
1- 
.  0 


STOP  HERE 


